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A COMPARISON OF SPENT FUEL ASSEMBLY CONTROL INSTRUMENTS:
THE CADARACHE PYTHON AND THE LOS ALAMOS FORK

G. Bignan. J, Capsie, and J. Romcycr Dhcrbcy
Commissaria[ a L’Encrgie Amrnique
Di=rion Des Reacscurx Nuclcaim
.Scm’ice* Sysscnms D’Aide A L“Exploita[ion
CEN Cadmwhc
13108 St. Paul Lcz Dunsnce - C&x Fmnce

ABSTRACT

Devices [o moni[or spcm fuel assemblies while sIorcd under
water. wilh nondesuuctive assay melhmjs, have been devel-
opf in France imd in she Unimd States.

Boih devices arc designed [o verify operator’s declared val-
ues of exposures and crmling-[ime btn [he applications and
thus the designs of lhe sysIems differ,

A s[udy, whose results are prcsenmd in this papr, has hen
mrduc[ed 10 compare the femsrcs and lhe pformances of
[he two msrnsmcms,l

INTRODUCTION

The usc of nondestructive rncthajs ([o[al umma count-
IIng, pwslvc and active neurron counting) ur spent fuel

monimnng PI’CSCnL\ some vuricd applications, which lead [o
tflf’fercm dcslgns.

In France, [he need for a spent fuel ccmuol device comes
from cnucidily-safe[y concerns during domestic uans~-
uon and rcproccssmg. I{owcvcr, in the Uni[cd StaIcs, the
wnrk IS m suppon {~f thf inwma[ional nuclear safeguards
cffmt.

Ncvcnhcless, Ihc Iwo devices presented here (Cadarache
PYTI ION ●nd lms Alwrsos FORK) arc Mfscicnrly similar to
ccmparc and correlate.

After ~ hrkf prcscma[im! or these two devices, cxpn-
mcnlml rcsulm of [he compimison and inlerprctalion arc
prrumcd,

PYTIION INSTRUMENT

‘1.hcpYTf[ON &v@ C[msis[sof {wsrdemc[im heash
~laccd In Iwo pond rachl and a spent fuel asscmhly Is

L mghl m N (I~ig, I ),

Acqulw!mns we hcing made while Ihc asmmhl’i i~
nnwed pas! !hc dctcmn (the counm-q umc for (mc msscmtsly
ctmlnll Is *buf W) WX(md~)

P. Rinnrd
Safeguards Assay, Group N-1
Los Alamos Na[ional fAmrato~
Lx Alarms, Ncw Mexico 87545 USA
(505)667-2447
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Three nondcswuciivc ass-y (NDA) techniques are avwl-
uhle with wmm”:
●

✎



. ~ctive neuron coun[lng, which Iefids [o the eftec[lve mul-
tiplying fw[or (1+1~) of LIWilssernbly. ]

The exmm~l 752Cf neuuon murce ncce~slry for [he
~c[lve me[hod IS modul~[ed to obt~ln pJssI\e ~nd JCIILC
ticquisluons u [he s~me ume (Fig. ?).

The neuwon de[ec[ors ue fission chambers with 22 cm
wlive Ieng[h Insdc pol}e[hylcne wrupped In cadmium md
kron c~blde,

The gamma detec[ors ~re Ionization chflmbers sur-
rounded by k~d colllrnwors ~h~t pass rdiation from only a
very shorr axial sec[lon of an wsembly [o obriun d profile.

Note: Due to the fac[ [ha[ an ac;~ve interrogation is not
avalllble wl[h [he FC)RK device, [his femux was nol
used during r.hecomparison of [he IWO insrrumems,

FORK INSTRUMENT

Safegumds requlrc J [rorrsponable sys[em and rapid
measurements. so [he FORK deteclo~ mounts on J pond’s
bridge and IS ploced by ~hc user around a pmmally raised
assembly (Fip. 3).
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Fit. J. rhe kad of the FORK Ins:rumcn: IS placed around .I pv-
IWIIY ruued ar~embly und prwc nturroruati #aromaraysare cowed
by Ihe GRAND-I ●ltclromc~ unil, A compuier can be ued fur rd.
IIIWUMIYSIJof Ik dala. h FORK IS snpporwd by ik pomf~ hrld#e
mid IJ rewed 10and.ntmbly’.rposmonfor o nwauremcnl.

A pressurized-waler reactor assembly is usually exan~-
ined M only one point alotlg IIS axis: If [he result is anoma-
lous, funheh measurements can be mkcrl along Ihe assem-
bly’s Icngshl

Counting times are 30 10 M) seconds and 6 IO 12
assemblies can be measured In m hour, depending on Ihe
speed M which Ihe assemblies are bundled by facllily opem-
IOIX. Two NtlA techmques we avallillde WIIII FORK:

●

●

mud gamma counling, which leads 10 ~he coolin~ lime of
tie Irmdiumd assembly and

rmsslve neumrn counllnu, which leads to [he burnup of’
;he umdiaml Lwcmhty “

The dc[ec[or bend hus J prdycthylcne Ixdy in the \hupe
(I[ a fork wllh IWO hncs,

l;~ch ~inc holds IWO neulrtm dc[cc[{ms: (me fissltm
chundxr ( 15 cm LSCIIVC lcng~h) wm}undctf by cadmium.
wrrspped polyethylene and unf,lher (me (wine slr.e) wilht~ut n
cndrnlum wrap, I!nch line ulw) has {me ~orrmm de[ccltlr
(nmlulitm chnml’mr).



Note: For [he comparison III neuuon slgntils be[wren [he
Iwo devices. only the resul[s wl[h [he t.le[ec[or sur.
rounded by cmdmlum &e used,

TIIE COBRA TANK AND T!IE ASS E31BLIES

Nleaswemen[s were made wih [he FORK and PYTHON
devices at Caciaroche In a wwer-filled tlnk called COBRA
(Fig. 4) consrruc[ed for Instrumen[ development purpes,

One side of the [~nk can hold a mock-up (S0 cm height)
of a fresh fuel assembly ~nd [he dclec[ion heads. The other
side has a shielded 25’Cf source for acuve neutron mea-
surements, which was nol used during lhese measurements.

II was impractical [o memuie wradiaf.d fuel assen~bly so
we measu:cd fresh fuel assembles. A ?5~Ct source
(emltling Jbout 106 n/s) and a l~7Cs source (emi[~ing
log y/s) were placed In the middle of a pin, which wiJs
moved Ihroughoul Ihe array of pms in [he assembly, (The
~szcf slmulaled [he curium emission of spenl fuel. while
137CS IS he actual dominant garnma-rily eml[ting isotope,
af[er a few momhs cooling).

The signal generated by ~ spen[ fuel assembly could lx
simukd in [his manner, wIti the advantage of learning the
rela[lve Importance of r~dla[lons eml[led t’rom individual
pins.

Da[a were collected tor Affcrrn[ am.embly contigumoons
10 r?mescnl [he delec!ors’ resu.onscs from [he neutron and
gam&a mys originiming from d; fferen[ pirl Imunons
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The chfferenl uontigur~lions s[udied were as IOIIOWS:

17 x 17 arTay of pins wi[h 3.5T ~~~U enrichment In
wfl[er,

17 x 17 army with 3.570 ~35U ennchmenl ww! ~ddi[mnd
pins wirh gadolinium inselled In w~[er ch~nnels.

17 x 17 may with 3.5% 2~5L’ enrichment wi[h four
boron concenmmons in r-hewater, wsd

9 m9 may of pins wilh (),2570 ~~~L1ennchlllen[ (depleted
uranlum)~ “

NEUTRON MEASURE MEN’rS

Reference Assembly

The reference assembly (17 x 17 army of pins wl[h 3,S’1
~3~lJ enrichmen[ in waler) IS presen[ed wi[h l+e FORK
detecmr in Fig. 5, The numbers and lerrm-s along [he edge ti{
the array arc used 10 iden[ify columns and rows of pln lwJ-
Iions.

The neutron source pin was placed in the 37 loc~lions
[hroughout columns I [o 9 marked by do~ Inside the pins of
Fig, 5, The ~ypicul measurement results are shown In
Fig, 6,

The FORA neurron counl t-ales ore conslslen[ly hlghcr
[ban PYTHON’S (average m[io of 2.74) because, although

—. —..——.

—. —__



NEfJTRONS COIJNT. RATES WITH FORK DEVICE WITH l, f”,
ENRICHED LR.4NIUM PINS (NO BORCSNI

NfdJIXONS COH.RATES WITH P3’YTHON DEVICES WITH
3.5% ENRICKED URANIUM PINS (NO BORON)

)1 #bo 1* 110 21 l)% 18 IIY

fit, 6, ont ret of F(?RK and P )TIION ntwron HMSI rates (cowm

pr Wrc?d)areco~ed In Iks /l#we fol fk L’aIe of (’OBRA wattr
[:owalnlq M IMron. rb rows and COiwnn.r are labrkd aJ JiWWn m

FI# 3

the FORK’S fission chambers aI? less cffiuicm, they arc
placed clowr to the aswmbly.

Two obxrvuiorw sp~:

.

.

The rsdial profllcs fn)m PYTIK3N arc Ilattcr, which IS
due m [he higher wn! itive Icng[h of the fis!won chamturs
(with a maximum d~ifcmnce between [.1 ad A Y or Q9

r
silwrs In Fig. 7 of 55’% for FORK and 40% for

rl?loN)l

The salal profiles from I;ORK are narrower thun
PW7WN’S, which is e~pl~incd by the physwal fIFts of
Ihe detectors and Ihelr posmons rclallvc to the Mscmbly
(cf Pig. H),

t

FiE. 7, Two of ik many respon~e profiles are ~hown kre fcr euch
inmruwwnl, Euch cwrve sbwJ &la from a single COIWM of pm.s (Jre
FIR. 5). COIWM 1 IJ ulong an ed#e of I& asmnbly whale column 9 M

[hrough Ihe center. Count rates from each uufrumtn( kwe been nor.
malued IO (k COIUUrme wwaswed wuh [k ntumonxonrct In column)
wuirowl.

MwrfIa-ml—1~

Fit, 8. (he of (he many amd rtsponre prof7k~ IJ shown htre for

ruch mrmwwu I’ht wuirm !ourcr WCAJIn cdunu I and row 1. Ilw
pin UA.Sraued UIMW Ik plww of I)K ncurrondmcwrs L“omurats ma
normlltrd 10 lhc tiufI fond wuh Ik JOWCt m tk phM4 ~ lk dtlec.
10?.s

Awwmbly Wllh Gadollnlum

Neumnn. absorbirtg pins conminil,g gadollnlum were
Inscnal irucstic simulated assembly 10 rncasurc [heir damp
ening effect on [he neuuon count rates, These abwbing
pins consist of deplemd uranium ~ile[s w~[h gadolinlum by
weigh~ M follows;

(kf20~/(u% + GLf20\)- H%

“Ile rnfm U( the avert e neutron count rams with and
Ywllhoul gadoliniurn are () 2 f’ur Ihc PYTWN device and

().77 for the WRK device

‘Ihcse results shuw Ihsl the influence of gsdolinlurn IS
IIIIIKMI the %amc f(w he fwo dcvlces and [h-t the cffccl has w
tm tier, ml{) accouru to muferusnd lb? tm mscs lmml q~nl

rfuel and rrcsh mixed.oade fuel wwcd un crwaler wllh pm
s[m rods,



Eflect cd Di[[erent Boron Concentrations Count r~les obltilned for [he IWO devILt\ ~re ~hown
grophully lnFig.9 ,As [he k~ronconcentr~uon Increfiwi,

S~n[. fuel assemblles ~rel~f[ens[c>red in wuercon[aln- thedepresslonoi[hc count mtes iscle~ly seen. [t Ii ~nwr-
ingciissolved boron. esilng to correli[e [he ~vcrage roun[ ra[es 10 the re~cllklly

(kEFF). The [~ble btlow presents, fordltferenl tmron con-
Tbe uble below \hows the elfec[ of concentration on [he cenuaticms, [he Average Count R~tes for [he two device~

etfecnve mulllpl}lng ~JCIOr (kIf): (ACR), ~nd [he prcduci (ACR) ( l-kEFF):

I f30ron Concenu2110n I bfr 1

500 0.7136
10W 0,6507
X)00 0,5768

r
Boron ACR

I-RI
M-R[l-~~)AL”R[ l&II)

Concmurauon FORK P%{ON FORK
(pPm)

PYII{ON
Cs-1 Cs-1 Cs.1 (’2. I

fw
Fo

“w
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The [able shows [h~[ this produc[ IS ~-onsun[ (conside-
ring [he uncet-raln[le$) .md confirms th:t [he rel~flon ix[ween
Seurronlc Emlsslon [\E) .lnd \eutron Coun[ Ra[ts (NCR)
1$as follows:

\(; R . Clc ~~
l-k+lT

with CTeIxlng [he c~llhr;umn conwmt[.

Assembly W’i!h Depleted Lranium

Enough pins wi[h deple[ed ur~nlum were avail~blc [o
mtic I 9 x 9 array. The experiment consis[s of comparing
[he iivctm~e coun[ ra[e Ixtween 0,2590 ~35U ennchrnen[ and
3,57” ~lJU enrichment tor a 9 x 9 array, The answers for
the Iwo devi~es are slmllar md show a reduction In coun[
rfi[e of abut .107c bmsu. se of [he smaller muluplicanon of [he
assembly.

GAMMA }lEASCRE!klENTS

AS In neutron meusurernents, [he g~mma source pin WM
plwed In different rwJid ml uial posluons (he axial infor-
m~tion IS no[ JvisIloble wl[h the PYTHON device because of
Ihe colllmii[lon). As [he source moved toward [he cen[er of
[he assembly, both slgnitls obtained with the two devices
decrease wlti nearly ~n expnenual law,

These meusuremen[s show tial a few more columns than
[he firs[ Iwo or three $hould be considered for exac[ing
work I

CONCLUSION”

The development ot’ devices for spen[ fuel assembly
control by [he (-’nl[ed Sines md Frw-we have led to dlffercm
designs bec~use of d]lfercnt objec[lves and measurement
crmcllllons,

Nevenhelcss, [he experlmen[s descnkd in [his paper
show [h~t FORK find pYT}i~N devl~es have \lmllar
responses imd (hut dwec remarks can lx misde.

.

.

.

The FORK dc[ec[cm gtntr~[e hlghcr coun[ r:][ej [h,ln
PHYTHON’s heu~uw [hey ~re pluccd closer [o :ht
fissembly.

The rtidial profiles Irom PYTHON we !Ia[ter, due [o [he
higher sensi[lve Ieng[h of [he fission ch~mbers and gea[er
diswnce from the assemblies, This IS an advanmge, pM-
IIcularly for safeguwds mtusuremen[s, where diversion of
a pln from any posl[lon IS impot-un[.

The FORK’s JXIJI neutron profiles ~-e more nm-rnw lhm
PYTI{ON’S because of [he”physical sizes of’ [he tission
chambers and (he rel~[ive position (o [he assembly. TbIs
is an advantage in safeguards ex~mintitions bu[ not neces-
sarily m criricaliry-ufety measurerccnts,
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